Simian virus 5 (SV5), Newcastle disease virus (NDV), and Sendai virus are members of the paramyxovirus group. They possess a lipoprotein envelope covered with surface projections and a helical nucleocapsid. The nucleocapsids of these viruses are morphologically very similar, each having a unit length of -1 ,um and a diameter of .18 nm (8, 9, 16, 19, 20) . They contain singlestranded ribonucleic acid (RNA) with a molecular weight of 6 X 106 to 7 x 106 daltons (2, 10, 13) which is intimately associated with multiple identical protein subunits arranged in a single helix.
In a previous study reported from this laboratory, the protein subunit of SV5 nucleocapsid isolated from infected cells dispersed by trypsin was found to be a single polypeptide with a molecular weight of approximately 43,000 (5) . The nucleocapsid protein of NDV has been reported to have a molecular weight of 54,000 (17) or 62,000 (3, 15) . Since the nucleocapsids of SV5 and NDV are structurally similar (8, 9, 20) , this degree of difference in the molecular weight of the protein subunits seemed unlikely. This communication describes the nucleocapsids of SV5, NDV, and Sendai virus and their protein subunits isolated and compared under identical 1 Presented in part at 70th Annual Meeting of the American Society for Microbiology, Boston, Mass., 20 April-I May 1970. 2 American Cancer Society Postdoctoral Fellow PF534.
conditions. The results indicate that the nucleocapsid proteins of each of these three paramyxoviruses can exist in at least two different forms: a large form with a molecular weight near 60,000, and a smaller form with a molecular weight near 45,000.
MATERIALS AND METHODS Cells. Monolayer cultures of a variant of the MDBK line of bovine kidney cells were grown on plastic surfaces in reinforced Eagle's medium (REM) (1) with 10% fetal calf serum as described previously (7) . The BHK21-F line of baby hamster kidney cells was grown in REM with 10% calf serum and 10%
Tryptose phosphate broth (18) .
Viruses. The W3 strain of SV5 was grown in MDBK cells. The isolation, growth, and assay of this virus have been described (6, 18) . Seed Fig. 9 ) were infected as above, and after 24 to 42 hr the monolayers were washed twice with phosphatebuffered saline (PBS; 14) without Ca2+ and Mg2+ and dispersed from the monolayer by 3.0 ml of one of the following solutions: (i) 0.05% ethylenediaminetetraacetic acid (EDTA) and 0.25% trypsin (Difco, 1:250); (ii) 0.1% trypsin (Worthington, 2 X crystallized); or (iii) 0.07% EDTA. After addition of one of the above solutions, the bottles were placed at 37 C for S to 20 min to dislodge the cells. The cells were then pelleted, resuspended in distilled water, and disrupted by Dounce homogenization; the nucleocapsid was purified by CsCl density gradient centrifugation as described in detail previously (8) .
For isolation of nucleocapsid from mature virions, the medium containing released virus was harvested 42 hr after infection, and cell debris was removed by centrifugation at 6,500 X g for 15 min. Virus was pelleted at 52,000 X g for 45 min and suspended in 2.0 ml of tris(hydroxymethyl)aminomethane (Tris)-EDTA-NaCl buffer, pH 7.2 (10); 0.5 ml of 5% Triton-X 100 in buffer was added; the mixture was held at 37% for 20 min, and 0.1 ml of 10% sodium deoxycholate in buffer was added. A 1-ml amount of this suspension was layered onto a discontinuous gradient containing 0.5 ml of 40% CsCl (w/w), 1.0 ml of 30% CsCl,1.0 ml of 25% CsCl, and 1.5 ml of 5% (w/v) sucrose in buffer (to separate the detergents from the CsCl). (Fig. IA) . This small difference in the relative migration of these proteins was found consistently in repeated experiments. Thus, the protein subunit of SV5 nucleocapsid isolated from trypsinized infected cells, although very similar in size to the smallest virion protein, is not identical to this protein, as was previously thought (5) . Figure lB shows that when SV5 nucleocapsid isolated from virions was coelectrophoresed with virion proteins, the nucleocapsid protein migrated precisely with the second major virion protein with a molecular weight of -61,000, thereby identifying this protein as the nucleocapsid subunit of the virion. Identical results have been obtained with nucleocapsid isolated from infected cells which were not exposed to trypsin (see Fig. 6A ).
The relatively larger size of the protein of SV5 nucleocapsid isolated from virions as compared to that of nucleocapsid isolated from trypsinized infected cells was also clearly shown by coelectrophoresis of these two proteins (Fig. 2) Figure 6 shows that the large form of nucleocapsid can be obtained from infected cells not exposed to trypsin and that the isolation of the small form is not confined to the MDBK cells which were employed in the experiments described above. Replicate monolayers from a single passage of BHK21-F cells were infected with SV5; after 21 hr, one lot of cells was dispersed with EDTA alone, and the remainder was dispersed by treatment with trypsin and EDTA for -5 min at room temperature. Figure 6A shows that the nucleocapsid protein subunit found in the cells not exposed to trypsin was the larger form of nucleocapsid. In contrast, the nucleocapsid protein isolated from the cells which were dispersed by trypsin (Fig. 6B) SV5 nucleocapsid protein with trypsin in vitro converts the protein subunits to smaller-molecular-weight species (Fig. 7) . In this experiment, 3H-labeled nucleocapsid isolated from disrupted virions was incubated at 37 C for 30 min with crystalline trypsin at a concentration of 0.5 mg/ ml. The treated nucleocapsid was then rebanded in CsCl prior to electrophoresis. Figure 7A shows that, before treatment with trypsin, the 3H-labeled virion nucleocapsid protein migrated as the large form relative to '4C-labeled small form of nucleocapsid protein included as a marker. After trypsin treatment (Fig. 7B) brief exposure of infected cells to trypsin is sufficient to convert all of the subunits of all the nucleocapsids to a smaller form. The relatively broader distribution of the smaller subunits in some of the gels (Fig. 1, 2, 6A ) could indicate a slight heterogeneity in size; however, this material always migrates as a single peak which is frequently quite sharp (Fig. 6B, 9, 10) . Thus, the smaller subunit molecules appear to be closely similar, if not identical, in size. exposure to this enzyme and accomplishes the quantitative cleavage of the larger subunits to the smaller ones, or that a sufficient amount of trypsin might remain after harvesting of cells and act on the isolated nucleocapsid after disruption of the cells. This seems unlikely because, although trypsin does cleave the isolated nucleocapsid in vitro, this treatment has never yielded a preparation which migrated as the single peak that is consistently obtained from trypsinized cells (Fig.  6, 7) . Another explanation, and the one we currently favor, is that trypsinization of the cells somehow triggers a cellular enzymatic mechanism which accomplishes with remarkable efficiency a specific cleavage. This interpretation is supported by the fact that we of large amounts of nucleocapsid in infected cells and play a role in the persistent infections which occur with paramyxoviruses (6, 18, 26) . The cleaved nucleocapsid might be unsuitable for incorporation into virions, either because of its decreased flexibility or because of the loss of a portion of the subunit which is necessary for proper interaction with the cell membrane during virus assembly. In those paramyxovirus infections in which large amounts of nucleocapsid accumulate intracellularly, the yield of infective virus is usually low (4, 11, 12, 21) . It is possible that such a mechanism might play a role in persistent infections not only in cell culture but also in such disease states as subacute sclerosing panencephalitis, a disease of the human central nervous system associated with chronic infection with measles virus and characterized by large intracellular inclusions of nucleocapsid (22, 23, 25) . This hypothesis can be tested by determination of the nature of the nucleocapsid protein subunits in persistently infected cells.
The present results provide an explanation for a number of observations and apparent discrepancies in the literature. Hosaka (19) noted that trypsin treatment of Sendai nucleocapsids isolated from virions results in nucleocapsids with less flexibility and more constant diameter. NDV nucleocapsids obtained from virions by Kingsbury and Darlington (20) were more loosely coiled and consequently of greater average length than the NDV or SV5 nucleocapsids isolated from trypsinized infected cells in this laboratory (8, 9) . NDV nucleocapsid protein with a molecular weight of 54,000 to 62,000 was isolated by two groups from virions (3, 15) and by a third from infected cells never exposed to trypsin (17) . Further, Bikel and Duesberg (3) reported that treatment of NDV nucleocapsid with Pronase yielded a protein with faster electrophoretic mobility than the native subunit. Finally, the erroneous designation of the smallest protein in the SV5 virion as the nucleocapsid protein (5) was due to the very close similarity in size of that virion protein to the small form of SV5 nucleocapsid protein, i.e., -43,000 daltons. It is now clear that the subunit of the SV5 nucleocapsid found in the virion has a molecular weight of -61,000.
It is interesting from the point of view of virus structure, self-assembly, and bonding between protein subunits that a helical structure can be composed of a subunit which is a portion of a larger subunit which forms the helical nucleocapsid in the virion. It is not known whether the smaller subunits can aggregate to form the helix, since the cleavage may always involve a preformed nucleocapsid composed of the larger subunits; however, it is clear that the smaller subunits do maintain a very stable, relatively rigid helical structure. In considering the evolution of paramyxoviruses, it is apparent that there is an advantage in flexibility of the nucleocapsid which would facilitate its incorporation into the budding virion. 
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